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M&YV History
M&YV Strategy
M&V Examples
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M&V History

« ESL is a major contributor to the IPMVP —
“International Performance Measurement and
Verification Protocol”

« ESL was heavily involved with ASHRAE’s
Guideline 14 — “Measurement of Energy and
Demand Savings”

» Currently working with Texas State Agencies to
introduce measurement based M&V into their
ESCO programs

» Performing ESCO reviews for USAF and US Army

» Defining standard M&V methods for 18 Energy
Conservation Projects (ECPs) for USAF

3
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M&V History

* In the past, most USAF ESCO contracts were
stipulated
» This means that the USAF Installation agreed that

the savings were met for the 20+ year contract at
the time of contract signing

+ The USAF then assumed all risk for achieving
savings

» Finding many problems with accuracy of
guarantees

 If savings were not met, no budget existed to make
up short-fall

* Projects in the DoD today are often stipulated

Energy Systems Laboratory e l:uln-z:tll‘.

M&YV Strategies

« Standard M&V methods being introduced to
accelerate ESCO growth in USAF
* Less review required
» Faster turnaround and approval
« Targeted for the “80% solution”
» Growing pains being experienced as the
USAF and ESCOs implement monitoring
« M&V cost target ~ 5% of the savings

« Saves USAF from experiencing 30%+ drop in
savings

Energy Systems Laboratory e E:uln-z?:u:‘.
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M&YV Strategies

« USAF ESCO contracts are evolving based on
cost-effective measurement

* This means that the USAF Installation and the
ESCO share the risk of energy and savings
performance

« The USAF will tvnica

.
I I vvii LJPI\JU

“amount of use” risk

+ The ESCO will typically have the equipment
performance risk

@ Energy Systems Laboratory - cmn:m

M&V Examples

« Standard M&V Plan (18) Guidelines
« District Heating"  Plate Heat Exchanger
« Lighting’ » DX Heat Pump
« Constant Load Motors”™ + EMCS’
+ Variable Speed Drives” « FM Control Systems

 Boiler Replacement’  Chiller Plant’

* Infrared Heating « Building Envelope
« Steam Traps » Propane Air’

* Chiller Replacement’ +« HVAC Controls

* Cooling Tower * Thermal Storage

Replacement

A5 )
@ Energy Systems Laboratory 90% Complete !

©C.Culp-2003
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M&V Example - Lighting

» Lighting
+ Key risks are:
* Installing wrong or under / over lit fixtures / ballasts
* Replacing the lamp / ballast with a low efficiency unit
» Calculating the savings incorrectly due to:
* Incorrect operating hours
« Incorrect rate structure
* Incorrect calculations
* Incorrect demand calculations
+ M&V Plan is designed to prevent these risks from
eroding savings

8
Energy Systems Laborato
ay Sy 5 ©C.Culp-2003
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M&V Example - Lighting
1 MW Consumption (10,000 fixtures at 100 W/fixture}
Operation  Consumption  Savings / yr M&V $ M&V $ M&V $
Hrs/yr  $/yr @ $.05/kWh @ 30% 5% 10% 20%
1000 $50,000 $15,000 $750  $1,500  $3,000
2000 $100,000 $30,000 $1,500  $3,000  $6,000
3000 $150,000 $45,000 $2,250  $4,500  $9,000
4000 $200,000 $60,000 $3,000 $6,000 $12,000
5000 $250,000 $75,000 $3,750  $7,500 $15,000
6000 $300,000 $90,000 $4,500 $9,000 $18,000
7000 $350,000 $105,000 $5,250 $10,500  $21,000
8000 $400,000 $120,000 $6,000 $12,000 $24,000
8760 $438,000 $131,400 $6,570 $13,140  $26,280
Cost Available for M&V Savings Amount and M&V Cost
$30,000 $140,000 |
$25,000 | $120,000 |
g £ $100,000 |
= $20,000 | =
H Z $80,000 |
g 515,000 | P
g . § $60,000 |
10,000 | >
o 1 |
= g $40,000
$5,000 | $20,000 |
$0 50— ==
0 2000 4000 6000 8000 10000 0 2000 4000 6000 8000 10000
Hours/Year Hours/Year
Energy Sys—&— 5% —&— 10% —— 20% of Savings —&— 5% —8— 10% —e— 20% of Savings —e— Savings

w.wulp-2003
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Pre-ECP

Lighting - ECP-02

W Set Pre-ECP Predicted
onitorin
g Baseline Guarantees Post ECP
- energy use » - ENErgy use Acceptance
- demand - demand Tosts
[ Measurement Validation ‘ - operating $ - operating $
- 10% of each fixture type up 3 l
to 10 Fixtures
- Use spot checking of each Set Savings A
fixture type Guarantees Checklist
- Fixture watts for each type

- Light Jevels for each fixture
type

ixture Typs™~,
No Measured " Yes
v v
Build Fixture Use Fixture
Database Database
Select Sample Use Values
Setof Mixtures From Dataoase
v
Measure

Fixture Watts

Interviews and Observations

- Operating schedules determined
by 1&0

- Sampling of time of use to verify
schedules

- Run-time mornitors used for
schedule validation

Validate schedules with sampling

- % for samples determined

by USAF

Determine Operation
and Load Profile

Quantify Pre-ECP energy.
demand and consumption
operating profile

Energy Systems Laboratory

PostECP

Recongiliation

Measurement Validation

Measurement Validation

- 10% of buildings. 2 buildings
minimum

- 10% of each fixture type up
1o 10 Fixtures/type

- Use spot checking of each
fixture type

- Measure fixture watts & light
level for each type

- % Random sampled

% F speciiied samples

Select Sample
Set of Fixtures
For
Measurements

Measure
Light Levels

Measure
Fixture Watts

Submit
acceptance
report to USAF
for approval

- 10% of buildings, 2 buildings
minimum

- 10% of each fixture type up
to 10 Fixtures/type

- Use spot checking of each
fixture type

- Measure light level for each
type

- % Random sampled

- % USAF specified samples

Targeted Light
Level
Measurements

L2

Select Sample
Set of Fixtures
For Annual
Measurements

Correct |
Deficiencies |
Fixtures Meet No
Guarantees
Yes

Submit reconciliation

report to USAF for

End of
<—No®‘«es

K

approval

- :
Energy Systems Laboratory \_

Lighting (4/20/03

M&V Example - VSDs

» Variable Speed Drive Retrofit Example
* Key risks are:

« Disabling the VSD control and operating at 100%

|[ECP 08
©C.Culp-2003

* Not repairing a dysfunctional control element or VSD
Inverter

+ Results in $0 savings for that motor application

* M&V Plan designed to prevent these risks from
eroding savings

Energy Systems Laboratory

1k}
©C.Culp-2003
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M&V Example - VSDs

» Variable Speed Drive Retrofit Example
» Can save substantial energy and maintain comfort
* For a VSD Retrofit with 10 motors at 50 HP

- Savings estimated
at $114,000 at
8760 hours per
year

« M&YV target cost in
the range of
$3,000 to $12,000
per year (3% to
10%)

@ Energy Systems Laboratory

$140,000
$120,000
$100,000
$80,000
$60,000
$40,000
$20,000
$0

ECP Yearly Savings / M&V Cost

0 2000 4000 6000 8000 10000

—@- Savings —&— 5% -#- 10% of Savings
12
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M&V Example - VSDs

» Variable Speed Drive Retrofit Example
» Lost savings often accumulate at 10%-20% / year
* For a VSD Retrofit with 10 motors at 50 HP

- Losses from not
performing M&V
could exceed
$600,000 in first
10 years

*« M&V Costs at
10% per year are
$114,000 over the
10 years

» Automating M&V

can further reduce
cost of M&YV

@ Energy Systems Laboratory

1,200,000

1,000,000

800.000

600,000

400,000

200.000

0

Losses Exceed M&V Costs

B o —A—A—A—A—A

- o~ - - w o -~ @ o ‘D_
w P i 5 o G el = s =
s 3 & I B I B R 5
- > > > > > > > b= »

—&— Savings —8—10% / Yr Loss —&— 10% / Yr M&V
13
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Pre-ECP Predicted
Monitoring Guarantess
Start
L3 > Set
Sampled Measurements Guarantaes
- Measure Efficiency and - Energy Use
Load if no Nameplate - Demand
- Sample motors under - Operating $
15 HP T
- Measure Mators equal to G S:r\rlngs
erover 13He Guaraniees
- Sample Op-Hours less
than 15 HP

- Measure Op-Hours equal
1o or over 15HP

T
Interviews and
Ohgaryations
- Operating schedules
determined by 180
for motors undar 15HP
- Validate schedules for
sampled molors
- % for samples
determined by USAF
L J
Determine Operation
and Load Profile

v
Quantify Pre-ECP Energy
Demand, Operating Profile,
and Load Profile
L
Set Pre-ECP Baseline

- Energy Use
- Demand

- Operating 5
@ Energy Systems Laboratory

VSD - ECP-04

Post ECP
Acceptance
Tesis

Acceplance
Checklist

Measurement Validation

- Verify controls are

operational

S Wenks inyerter rated
arhy inueriar

motors

- Verify correct nameplate
- Record power/current

from inverter display

- If connected to EMCS

verify correct operation

- WEMCS available,

continuously monitor
aver SHP motars

L &
Submit accaplance rapart
to USAF for approval

Post ECP Yearly
Reconciliation

Sampled Measurements.

- Sample molors less than 15HP * Done
- Measure Motors equal to or

over 15 HP

- Measure power conlinuously

record at 15 min intervals -

- Measure Op-Hours equal to or

over 15 HP

- Measure Op-Hours for sampled

motors less than 15HP Yes

- It EMCS available, continuously No

menitor § hp and abave

- End Of
Contract.-
Correct -
Deficiencies
a
VFD operating N0
per spac
Yes
L

Submit reconciliation
report to USAF for
approval

Energy Systems Laboratory

M&V Example - EMCSs

* Energy Management and Control Systems
» Usually under-used as a Start/Stop Control
» Operators need better training to effectively use full

capabilities

* Full capabilities allow

* Optimum Start

» Chiller Resets
» Boiler Resets
« AHU Controls
« Box Controls

* These are low sustainability measures which
require on-going M&V

@ Energy Systems Laboratory

Variable Speed Drive Motors  5/27/03  ECP O« 14
©C.Culp-2003
15
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M&V Example - EMCSs

* Energy Management and Control Systems

* Key risks are:
« Underestimating occupancy schedules
* Not re-enabling temporary overrides
* Occupant discomfort resulting in overrides

* Disabling controls, overriding schedules and operating at
100%

* Not repairing a dysfunctional control elements

* M&V Plan designed to prevent these risks from
eroding savings

16

Energy Systems Laboratory

©C.Culp-2003
M&V Example - EMCSs
Energy Management and Control System
~6,000,000 sq ft - 40 Buildings at ~$1.50 / sgft
HVAC Savings M&V $ M&V $ M&V $
Savings %  $/yr Estimate 5% 10% 20%
4% $360,000 $18,000 $36,000 $72,000
6% $540,000 $27,000 $54,000 $108,000
8% $720,000 $36,000 $72,000 $144,000
10% $900,000 $45,000 $90,000 $180,000
12% $1,080,000 $54,000 $108,000 $216,000
14% $1,260,000 $63,000 $126,000 $252,000
16% $1,440,000 $72,000 $144,000 $288,000
18% $1,620,000 $81,000 $162,000 $324,000
20% $1,800,000 $90,000 $180,000 $360,000
EMCS M&V Cost per Year EMCS M&V Cost per Year
$2,000,000 $400,000
$1,800,000 350,000
$1,600,000
B $1.400,000 § 300000
3 $1,200,000 8 $250,000
> $1,000,000 > $200.000
o 800,000 o3 5150,000
= $600,000 = $100,000
$400,000 °
$200,000 $50.000
S0 S0
4% 6% B% 10% 12% 14% 16% 18% 20% 4% 6% 8% 10% 12% 14% 16% 18% 20%
% HVAC Savings % HVAC Savings
@ —i— 5% —8— 10% —— 20% of Savings —e— Savings —dk— 5% —8— 10% —e— 20% of Savings b
©C.Culp-2003
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EMCS - ECP-12

Pre-ECP
Monitoring /
Baseline

Model Buildings
and Systems

v

Estimate Op Hrs,

Sched & Avg
Consumption
v
De-Rate To 50%
Of Fstimatad
Operation
v
Review Models,
Schedules for
Reasonableness

v
Sample ~10% to
Spot Validate
Assumptions

1 Year
Whole Blag /
SubMetered

Measurements
v
Derive Sched
and Avg
Consumption
from
Measurements

De-Rate To 95%
Of Measured
Operation

Determine

Predicted
Guarantees

Determine

Predicted
Post-Operation

& Load Profile

\
Predict
Post-ECP
Consumption

v
Predict
Post-ECP

Demand

Post-ECP |
> Acceptance | Post ECP Yearly ves] Done
Tests Reconciliation |
Y
M ~T T
Acceptance L Year 17
Checklist e -
Documents T
Completed /
Signed
Yes
A\
Run EMCS
Performance
Tests / Verify
Operation T No
771 Year T l
No <_Measurement > yeq
i “~Validated? |
e v v
Run 1 Week Post-ECP Run Hourly Run Hourly
Measurement Sequence Run Time Logs Run Time Logs
for Each Season for 1 Year Each Year
v v

Calculate Operating
Hours, Schedule
and Average
Consumption from 4
One Week Samples

Calculate Operating
Hours, Schedule
and Average
Consumption from
Year's Data

|
v

Calculate Operating
Hours, Schedule
and Average
Consumption from
Year’s Data

Operation and
Load Profile

Quantify Pre-ECP
Baseline Energy Use
(energy, demand and

consumption operating
profile)

Energy Systems Laboratory

Summary

Calculate Savings and
Compare to Guarantee

Determine Total
Cost Savings

‘

Reconcile ‘

r Energy Systems Laboratory W
(_Emcs [ 41303 | ECP-12 | 18
©C.Culp-2003

* Measurement and Verification is needed to
sustain savings

» M&V must be cost effective over the life of the

contract

* M&V must be straightforward and address the
key short and long term risks of losing savings

Energy Systems Laboratory

19
©C.Culp-2003
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A Tool for M+V Cost Estimating

Presenter: Mr. David Underwood. ERDC CERL.

Measurement & Verification:
A Cost Estimating Tool

Why
What
Availability

David Underwood
ERDC-CERL

Us Army Corps
of Engineers Dave Underwood October 7, 2003 Engineer Research and Development Center
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Why An M&V Cost Estimating
Tool

Research of past ESPCs indicated a lack of
sufficient M&V planning

M&V Cost typically rolled into a single Number
with no documentation on specifics

Available tools were seen as insufficient

Contractors cost estimating methods don’t tend
to make M&V costing detail available

US Army Corps
of Engineers Dave Underwood October 7, 2003 Engineer Research and Development Center

What M&V Cost Tool Is

Basically a database with a user interface

A set of linked Excel Spreadsheets, Macros,
and examples

Default costs which and can be changed

Reports with yearly, total life, and itemized
costs

A resource for comparing various M&V
scenarios

A resource for M&V equipment ordering

US Army Corps
of Engineers Dave Underwood October 7, 2003 Engineer Research and Development Center
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What M&V Cost Tool Is

Four Categories Based On Data Used For
Analysis

Utility Billing

Short Term Data Acquisition (3 Types)
Long Term Data Acquisition (3 Types)
Calibrated Simulation

US Army Corps
of Engineers Dave Underwood Ociober 7, 2003 Engineer Research and Development Center

“Hidden” Costs Included

Labor
Data Sorting
Weather Data Purchasing and Processing
Modeling
Report Generation
Etc.
Data Logger Maintenance and Removal

US Army Corps
of Engineers Dave Underwood October 7, 2003 Engineer Research and Development Center
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Creating Projects & ECMs

jects
L
L er—

Prnje:t Name? |— Foet Futurs

US Army Corps
of Engineers

b 4 b b\Projects /

ECM Name: | Lighttineg

Data Acquisition Method for this ECM:
" Dataloggers = EMCS  ( Lnity ol

Construction Cost: 152000

Dave Underwood Ociober 7, 2003 Engineer Research and Development Center

Equipment

Labor
Travel

Weather

Yearly
Total

US Army Corps
of Engineers

Dave Tnderwood Octobex 7, 2003 Engineer Research and Development Center
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US Army Corps
of Engineers

US Army Corps
of Engineers

Data Logger Selection

]

Equiprmvent Detalls

2
Model & MooDiatsl ogoer Gata Aopuestion System
Sevial &

Characteristics: 4 channels; four uneversal Inputfoukput

accent both snaloa and diotal

channets
Crota Fosolution: 12 bt chgitad or 1.2mV anaicg

Acouracy! (ansiog) /-0, 1% of full scale reading

Sugfidl Chikpait:  varkes by Uypd of Febanursandnt

Power Requeemsnts: 12 volt DC battery

| Wersatie 4-Chanmnel

Drata Losgrer
i Electrick yenetering, com

+ BTT-PEL-SA1Z

Cporatine Temp:  32F to 122F
Dmeneskons:

1 5.0 x 44T x 16"

Descriptaon: The Duata Acoustion
System i 8 battery povsered, four-
channel data and hand-held meter that
Pecords tree-sesies data from vitualy
oy sensor of by The
MicroDiat alogper Chaka Accquisition
Syster i a complels mandtonng
sodution For marmy sopls stion

Special Requirsments:

i v mlecEricymat seineg £om

i il odestrictymel erag am

Prica:
Add. Cost1: #
AL Cost 2: &
ASRL Cost 32 &
Totsl Cost: $545
Price as of i 7/1/2003

Dave Underwood October 7, 2003

Inst allatiog, Maint enance

Select Equipment:

Engineer Research and Development Center

Orucon, Inc, - System-100 =

i i

il

E

Dave Underwood October 7, 2003

Engineer Research and Development Center
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Some of the “Hidden Costs”

[Poling. GC and Dsta Entry Cavta Ongeing Savings Analysia

i wommy | Sew = | aue

it Uistar #epertas i

ke Aty el e sy (8 por yr)

S

A 1 ot e Lt

=T

immmmmmrm Retrofit Analysls
||

|an- . — Al | B Saniy
AL e Y Sty [ Simbdiacitr

US Army Corps
of Engineers Dave Underwood Ociober 7, 2003 Engineer Research and Development Center

Yiew Reports

Select which reports to view:

ECM Name: I Lighting

Data Acquisition Method: Dataloggers

Reports:

[V LongMas ¥ Equipment Costs

[ Shortmay ¥ Labor Costs

I Simulationivied v Travel Costs

I Uity ¥ ‘weather Data Costs

v

US Army Corps
of Engineers Dave Underwood October 7, 2003 Engineer Research and Development Center
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2 0otal sxgperShont_MBYL

Cost Summary: Short M&V
Project: CERL

ECH: Lighting

[ata Acquistion Mothod; Data Loggers

Project: CERL

ECM: Lighting

TUTIATY
US Army Corps
of Engineers Dave Underwood October 7, 2003

Engineer Research and Development Center

Weather Costs
et CERL
naling Tower VFD

US Army Corps
of Engineers Dave Underwood October 7, 2003

Engineer Research and Development Center
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Project Summary Reports

- N —y Y
kel > I Bodes Irusdation

1 Preject Summary. CERL
e Dt Acwwntion Mehad  NATSn  Beti wliOMCen  Cemciemle LMY
= — i ¥ it L

[T

US Army Corps
of Engineers Dave Underwood Ociober 7, 2003 Engineer Research and Development Center

et Rey =101 x|
Project Summary: CERL | : =

ECM I Annual Travel Cost Total Travel Cost
Cooling Tower WFD | g Tower VFD 2 $3.295
Boiler Insulation i]

Insidation

Total | Total _ b
(414 p (Ml Project Summary ), Equipn | 4] (17470 (M, Proest Summary [ Equipment ) Travel (1] 4]

Froject Summary: CERL PrajectSummaw: CERL
ECH Annual Labor Cost Tutal Labor Cost

Caaling Tower VFD $5,.598 531,444 ECM

Boiler knsulatic $724 395 Setup Costs

Pulling Costs

@G, Data Load

Data cleaning, Data Recovery
CHher

Total
M4 r [ M Egmpment  Travel yLobor  Westher /4]

Annual Total
i [ 4 [0 b Equpment  Travel J Labor | 4]

Us Army Corps
of Engineers Dave Underwood October 7, 2003 Engineer Research and Development Center
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How To Get It

Web site: http://www . cecer.army mil/mvtoollat
Cost Tool
Users Manual
Tutorial

Example Projects: Lighting. Future: Chiller Replacement,
Boiler Replacement, EMCS. 3 Examples Each

Links to other M&V sites
Copy CD
Give me a business card

US Army Corps
of Engineers Dave Underwood Ociober 7, 2003 Engineer Research and Development Center

Future Of The Tool

Examples Will Be Put On Web Site

CERL Has No Plans For Future Development or
Support

Others Encouraged To Use It and Make
Enhancements

US Army Corps
of Engineers Dave Underwood October 7, 2003 Engineer Research and Development Center
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NIST/FEMP BLCC5 Building Life-Cycle Cost Program

Presenter: Dr. Sieglinde Fuller. NIST.

BLCC5
Building Life-Cycle Cost Program

Linde Fuller, Economist
Office of Applied Economics
Building and Fire Research Laboratory
National Institute of Standards and Technology
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BLCCS
m Java Program

— platform-independent, web-friendly
— program-integrated help

B Annual Updates
— energy price projections, discount rates
— legislative requirements, user requests

B Technical Assistance
— training
— telephone and e-mail support
— free download

BLCCS Modules

" FEMP — 10 CFR 436A
- Energy and water conservation and renewable
energy projects

" MILCON = DoD Criteria/Standards for LCCA

- Energy and water conservation projects
- ECIP projects

5 OMB — Circular A-94

- hon-energy: cost effectiveness, lease/purchase,
- internal govt. inv., asset sale analysis.

" ALTERNATIVE FINANCING - EO 13123
- ESPC and UESC projects
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BLCCS - ESPC Example

Replace existing lighting system in a federal office
building in Arizona with a new system financed through
an ESPC

Amount financed: $380,560
Contract payments: $58,000

Study period: 20 years
Contract period: 10 years
Implementation period: 1 year

Determine whether the proposed system is cost-effective
and whether the expected savings cover the contract
payments.

=lojx]

[T Reports Tree Heip

Q3oen | " roeral Analysis, Financed Project
B ciose

L] FEMP Anatysis, Energy Project

1 MILCON Analysis, Eneray Project
L) MILCON Analysis, ECIP Project

Office of Applied Economics
Building and Fire Research Laboratory
National Institute of Standards and Technology
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= [ Contract Costs - Annually Recurring
[3 cost Annual Contract Payment
- [ Contract Costs - Non-Annually Recurring
= [ Energy Costs
[3 Cost Electricity - new system
[A Cost Electricity - Old System

- [ wyater Costs
-@ tégam Coniang DN

8 Replacement Costs
= {3 OMER Costs - Annually Recurring
[} Cost Routine O&M - Mew Systerm
[3 Cost Routine OMERT Old Systermn |
- 8 OMER Costs - MopAnnually Recurrin

Cost data
- Inifial (imvestment) 0315 ald by Agency n base-year dollars are en not

cluded in annual Contract Payment {e.q., down-payment).
- Sum of initial (investment) Cost Paid _nand Initial (investment Cost

() Project Teleworkshop
4k [ Altemalive: Base Case
= [ alternative: Alternative
= [ Contract Costs - Annually Recurring
[ cost Annual Contract Payment
3 Contract Costs - Non-Annually Recur
= (4 Energy Costs

363,000

March 1, 2003 1 year 0 months 0.0%
March 1, 20 Remaining_ 1000%

Elecicty-newsystern |

[3 Cost Electricity - Old System
- [ Water Costs
= [ Capital Component:
[ Investment Cost
- A Replacement Costs
= [f) OM&R Costs - Annually Recurring
[ cost Routine 08M - New Syste
[ cost Routine OMER - Old Syste
- A OM&R Costs - Non-Annually Recurr]

Enter g base annual narg',' cnnsumpﬁnn a sp&nad energy type.
- Use Usage Indices to specify variable energy usage pattern.
- Enter region, state or end-use for emissions calculation,
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mmrru_

o ] .S

ﬁ Prnjecl Telmmshup
4= [ Alternative: Base Case
= [ alternative: Altemative

Screen-specific help

= [ Contract Costs - Annuall
[ cost Annual Contrad -

[ Contract Costs - Non-#n| -

= {8 Energy Costs i
Cost Electricity - ney
[3 cost Elecricity- Old| -
2 water Costs i

"Erlnl'mcusls
Rate Schedule: Industrial -
State: Arizona -
Price/kiwh $0.04200
Annual Demand Charge: $3,000.00
Annual Utility Rebate: $0.00]

= [§ Capital Component
[3 investment Cost |-
(8 Replacement Costs |

Clear Rates | [ Hestore DOE Rates

= (8 OM&R Costs - Annug

[3 cost Routine 08

[3 cost Routine OM -
OMER Costs - Non-A -

From Date | Duration Escalatan
Agril 1, 2002 1 year 0 months ™ 540%[a
Apri1, 2003 1 year 0 months| 222%
April 1, 2004 1 year 0 months| -1.61%
April 1, 20050 1 year 0 months 0.46%
April 1, 2008 1 year 0 months 191%
Apnil 1, 2007 1 year 0 maonths 271%
April 1, 2008 1 year 0 months 277% |~

ey

“ |- Enter all dollar amounis in base-year dollars.

Ef - Energy Usage Indices alzo apply to demand charges and utility rebates,

- If applicable, edit DOE price escalation rates.

|- Use real rates of price escalation in constant-dollar analysis, nominal rates in current-dollar analysis.

E;';J' ederal Analpzis

Financed Project

File Reports Tree Help

c:\program hles\

\blecS\projects\TeleWS02-¢

=N

«

@]

ﬁ Project Teleworkshop
4= [ Alternative: Base Case
= [ Alternative: Alternative

= {8 Contract Costs - Annually
Cost Annual Contract

[ contract Costs - Non-Ann

= [f] Energy Costs

[ Cost: Electricity - new

[ Cost: Electricity- Old & -

L water Costs
= {8 Capital Component
[3 Investment Cost
Replacement Costs

= [ OM&R Costs - Annual
[3 cost Routine O&N
[ cost: Routine OM& -

OM&R Costs - Non-Ant 7| [ Enter amount in base-year dollars.

- Use real rates of increase in constant-dollar analysis, nominal rates in

|/ Annually Recurring Contract Related Cost | (SSUSMUIEOSH DEEE)

“| -Annually Recurring Contract-Related Cost

| Name: Annual Contract Payment

, Amount: _~ $58,000.00
/| Annual Rate of Increase: i 0.00%
“ /.-'

; Contract Costs

| [Tips

current-dollar analysis.

“| |- Use Usage Indices to specify variable pattern of occurrence.
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ﬁsfcderal Analysis, Financed Project - CblecS A projects\ Tele WSO 3 -exd sl =

File Reports Tree Help

IEECIECIo)

(A Project Teleworkshop
= [ aitemnative; Base Case

[ Contract Costs - Annually

(3 Contract Costs - Non-An From Date. |

Duration | Usage Factor

& [ Energy Costs March 1, 2003

1 year 0 months | 0.00%

March 1, 2004
March 1, 2014

2 Water Costs
4 [ Capital Component:

100.00%

10 years 0 months |
/ Remaining 0.00%

= [ Alternative; Alternative

= [ Contract Costs - Annualh Contract period

Cost Annual Caontrac

R A A A

[ Contract Costs - Non-Ant -
4k £ Energy Costs e

Ca wiater Costs
& [ Capital Component:

Tips

A T T,

|- Enter duration and percentage of the base-year amount for the appropriate period.

I58 BLCCS Help
4 [ Key Information
4= [ Getting Help
4k [ Getting Started
%k [0 Crealing and Editing Data Files
= [ Performing Allernative Financing Analyses
[ General Infarmation on Alternative Financing Projects

[j Base Date and Service Date in Alternative Financing Projects
[ Cost of Feasibility Studies in Alternative Financing Projects
[3 Meaning of SIR in ESPC and UC Contracts
ﬂ Bundling Energy Conservation Measures
B Evaluating Indepandent y & Interdependent ECMs
dk [ Performing MILCON Analyses
= [ Reporis
[ Input Data Report
[3 Detailed LCC Analysis Report
[3 Annual Cash-Flow Report
[ summary LCC Report
[9 Lowest LCC Report
ﬂ Comparative Analysis Report
[3 ECIP Report
4 [ Glossary and Acronyms

Evaluating Independent versus
| Interdependent ECMs

[ Timing of Life-Cycle Cost Analysis (LCCA) for Alternative Finari -
‘| replacement in another bullding of a facility
combines two independent measures into one
project. Only one measure, let's say the HVAC
system, meets the LCC criterion for
implementation. \When combined, the project as
a whole is still life-cycle cost effective compared
with the base case of doing nothing, but Net

| Savings will not be maximized.

The ECMs to be bundled might be independent.
‘| For example, the bundling of an HYAC

replacerment in one bullding with a chiller

When ECMs are interdependent, as for example

| an HVAC system and 2 lighting system in the

| same building, their energy usage is analyzed

| simultaneously to properly account for the

| interaction among the systems. If bundled with a
|third system, for example, an improvement in the
|thermal integrity of the overall building envelope,

‘| a whole-building energy analysis is required to |5

RIS T
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Hile
NIST BLCC 5.1-02: Lowest LCC
Consistent with Federal Life Cycle Cost Methodology and Procedures, 10 CFR, Part 436, Subpant A
General Information
File Mame: C:h\blceS, 1\projects\TeleWs03-ex3. xnl
Date of Study: Fri Dec 20 16:07:37 EST 2002
Analysis Type: Federal Analysis, Financed Project
Project Mame: Teleworkshop
Project Location: Arizona
Analyst SKF
Comment Replace existing lighting systen with new lighting/daylighting systen
Base Date: Harch 1, 2003
Study Period: 20 years 0 momths (March 1, 2003 chrough February 28, 2023)
Discount Rate: 5.6%
Discounting Comvention: End-of-Year
LowestLCC
Comparaiive Present-Value Costs of Alternatives
(Shown in Ascending Order of Initial Cost, " = Lowest LCC)
Alternative  Initial Cost (PV) Life Cycle Cost (PV)
Base Case §0 §1,025,226
Alternalive £0 £700,797 *
omparative ﬁrmlyiii Repork =.I g Exl
-
Comparison of Present-Value Costs
PV Life-Cycle Cost
Base Case Alternative  Savings from Altermative

Initial Investment Costs Paid By Rgency:

Capital Requirements as of Base Date §0 $0 §0
Future Costs:
Recurring and Mon-Recurring Contract Cosls §0 §412,058 -§412,058
Energy Consumption Costs £787,356 §240,087 £547,300
Energy Demand Charges $153,381 §47,125 §106,257
Energy Utility Rebates §0 50 §0
Water Cosls §0 50 §0
Recurring and Mon-Recurring OM&R Costs §84,489 §21,727 §62,762
Capital Replacements 0 $0 §0
Residual Value at End of Study Period §0 -520,170 §20,170
Subtotal {for Future Cost lems) §1,025,226 €700,797 §324,429
Total PV Life-Cycle Cost $1,025,226 $700,797 §324,429
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File
Comparison of Contract Payments and Savings from Alternative s
{undiscounted)
Savings in Savings in Savings in Savings in
‘Year Beginning Contract Costs Energy Costs Total Operafional Costs Total Costs
Mar 2003 50 §0 30 50
hiar 2004 -4§58,000 #52,960 §58,820 §520
Mar 2005 -£58,000 £52,792 58,787 787 "‘-'---...________
Mar 2006 -§58,000 #53,521 559,634 51,654 Savings exceed costs
Mar 2007 -$58,000 §54,819 $61,003 $3,003
Mar 2008 -5§58,000 §56,222 §b2,040 4,040
Mar 2009 -$58,000 £57,421 $63,987 $5,987
har 2010 -§58,000 458,969 568,031 §10,031
Mar 2011 -$58,000 §58,729 $65,601 §7,601
Mar 2012 -§58,000 §59,352 §66,381 $8,3681
Mar 2013 -$58,000 $60,463 $67,654 $9,654
hiar 2014 0 £61,729 §65,145 65,145
Mar 2016 50 $63,238 $66,732  §66,732
har 2016 0 $64,778 68,352 §68,352
Mar 2017 50 466,195 §72,602  £72,602
har 2018 50 §67,709 §71,450 571,450
Mar 2019 50 69,147 572,974 §72,974
Mar 2020 50 §70,454 §74,368  §74,368 5l

File

Energy Savings Summary

Energy Savings Summary (in stated units)

Energy - Average Arnnual Consumption---- Life-Cycle
Type Base Case Alternative Savings Savings
Electricity 1,100,000.0 kUh 399,930.7 kWh 700,069.3 kWh 13,999,4668.9 kWh

Energy Savings Summary (in MBtu)

Energy e AVETADE Annual Consurnption----- Life-Cycle
Type Base Case Alternative Savings Savings
Electricity 3,753.4 MBtu 1,364.6 MBtu 2,388.7 MBtu 47,765.2 MBtu

Emissions Reduction Summary

Eneray —-—-A¥erage Annual Emissions—— Life-Cycle
Type Base Case Alternative Reduction Reduction
Electricity
CO2 §95,922.17 kg 325,667.71 kg 570,254.46 kg 11,403,527.89 kg
s02 1,097.86 kg 399,07 kg 5958.72 kg 13,973.87 kg
MNOx 2,926.84 kg 1,063.91 kg 1,862.93 kg 37,253.58 kg
Total
C02 895,922.17 kg 325,667.71 kg 570,254.46 kg 11,403,527.89 kg
502 1,097.86 ky 399.07 kg 698.79 kg 13,973.87 kg
WO 2,926.84 kq 1,063.91 kg 1,862.93 kg 37,253.58 kq

P S |l SR i
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Limitations

M No calculation of contract payments
B No monthly payments

M No import/export feature

B Emissions factors not editable

M No designated sensitivity analysis
module

® Non-energy modules still to be added

Resources

M Energy Escalation Rate Calculator
B NIST Handbook 135

BFEMP/NIST LCC Workshops
— Basic Workshop
— Project-Oriented Workshop
— Teleworkshop

B NIST Training Videos
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Contacts

B BLCC, associated programs and user guides:
http:/lwww.eere.energy.govifemp - Technical
Assistance - Analytical Software Tools

B Handbook 132 and Annual Supplement:
1-800-DOE-EREC (1-800-363-3732)

B Technical Assistance:

NIST Office of Applied Economics

LCC Method: sieglinde.fuller@nist.gov, 301-975-
6134

Software: amy.rushing@nist.gov, 301-975-6136
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